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Impact of temperature on beer fermentation kinetics
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Abstract. Microbial processes are highly dependent on temperature. This paper
aims to study the influence of temperature on fermentation process on
experimental and industrial scale. We were focused to determine the preexponential coefficients and the activation energy for experimental and
industrial conditions and to quantify the amount of heat to be removed
from fermenter to keep it under constant temperature during fermentation
process. Substrate used for fermentation was beer industrial wort 120 Balling
and yeast strain used was bottom fermentation yeast "Saccharomyces
Carlsbegensis SP 35". Evaluation and comparison of kinetic parameters in
different fermentation conditions were carried out. Temperatures used for
different batches in industrial trials were 5, 20, 25 and 35 ° C and 8, 12 and 16
°C for experimental trials. Kinetic models developed were able to predict with a
relatively high accuracy the experimental results achieved under non-thermal
conditions and can be used to simulate the industrial process of beer production.
Keywords: Kinetic Model, Fermentation, Activation Energy, Coefficients.

1 Introduction
It is common in industrial beer fermentations to operate at an experimentally
determined optimal growth temperature for the yeast being used. Depending on how
the fermentation progresses, the temperature can be raised (i.e., to speed up a slow
fermentation) or lowered (i.e., to offset the formation of undesirable flavor and aroma
compounds) to keep the fermentation on schedule and to maintain the desired product
quality. Ideally the temperature should not have to be varied in this way, but
unforeseen circumstances often arise that require temperature variation. In this article
a simplistic model of beer fermentation is used to perform an optimal temperature
control study of beer fermentation [2]..
The fermentator cooling temperature was the single available parameter to control.
Many authors has noted that the kinetic rate constants in biological reactions of yeast
follow an Arrhenius-type temperature dependence up to a defined optimal growth
temperature. Most researchers, as a first approximation, have assumed a temperature
dependence only on the maximum specific rate parameters and have ignored any
similar effects on other kinetic parameters. The objective of this study was to predict a
kinetic model based on experimental and industrial scale trials on temperature impact
directly on fermentation dynamics. Optimal control theory was applied to the process

of batch beer fermentation [3]. The performance was evaluated based on substrate
consumption kinetics. Kinetic parameters were calculated based on well-known
Arrhenius model.
In fitting the model to data it was found that these parameters did vary with
temperature and that they followed an Arrhenius dependency quite closely.

2 Material and method
Experimental and industrial fermentation were carried out almost in the same
condition. As substrate was used 120 Balling beer wort, inoculated with
Saccharomyces carlsbegensis SW35 bottom yeast in cell density 8%. Industrial trials
were carried out at ''Stefani & Co '' brewery in Tirana, Albania. Glucose
measurements were performed at certain time intervals and fermentation progression
was performed until fermentation ended at a constant value of the residual extract [8].
Periodic fermentation was carried out in small bioreactors with a volume of 1 l.
Fermentation temperatures 5, 20, 25 and 35 °C were used in experimental conditions
and temperatures 8, 12 and 16 °C under industrial conditions. We tried to provide
similar experimental fermentation conditions as in industry, by inoculating the same
yeast quality with the same vitality and cell density. The performance of substrate
consumption in relation to time was monitored.
Kinetic parameters: The metabolic activity of enzymes increases with increasing
temperature as long as the temperature does not get too high. The dependency
observed is of Arrhenius type. In order to have a better understanding of the
fermentation process performance, kinetic parameters should be considered, such as
the specific velocity of substrate consumption, μ and so on [11]. Determination of this
velocity is carried out through simple linearization of Arrhenius equation, since this
law applies only to low temperatures, which correspond to our fermentation
conditions. Applied Arrhenius law, regarding both experimental development
environments, can be written as [1]:
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where, the index "1" stands for laboratory conditions while the index "2" stands for
industrial conditions. Determination of kinetic parameters is donne through
linearization form of Arrhenius equation [5]:
Ea 1
(3)
ln( i ) = ln( Ai ) − 1 
R T
Where, the index i = 1,2 while the values of T vary from the fermentation conditions
in each environment. Further, the linearization continues as:

yi = bi − a i x .
Where:
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Also, it should be noted that the specific growth rate is given as [9], [10]:
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si = s0 − s p and t = t p − t0

In order to determine constants bi and ai values we used Microsoft Office Excel.

3 Results and discussion
We evaluated the performance of laboratory conditions (fig. 1) for substrate
concentration with time, for yeast in different fermentation conditions. In order to
have a better understanding we evaluated these parameters in industrial conditions,
which are depicted in figure 2.

Fig. 1. Dependence of substrate concentration in ° Balling at hour time for yeast
under different fermentation conditions, under laboratory conditions.
As we can observe, for all four cases the fermentation extract is almost at 5.6% of
the concentration of sugar consumption, depending on time duration. On the other
hand, it is noticed that the fermentation process time varies from the fermentation
conditions and this is clearly apparent from the graphic representations for each case,
where in the case of fermentation at a low temperature of 5 ° C the fermentation
process requires a relatively short time frame more than 2 weeks since the yeast under
these conditions fails to develop its full potential function, while in the other 3 cases
corresponding to the temperatures of 20, 25 and 35 ° C, the yeast reaches consume a
shorter time of glucose for approximately 3-4 days, producing a greater amount of
alcohol.

Fig. 2. Dependence of substrate concentration in ° Balling at hour time per yeast
under different fermentation conditions under industrial conditions
Kinetic parameters: To determine the values of bi and ai constants we use Microsoft
Office Excel package and follow the steps below:
The following table is created for each of the premises and the yi and xi values are
determined, namely the following:
a) Laboratory conditions, (1) ;
b) Industrial Conditions, (2)
Table 1. Summary table of the values of y1 and x1 for the process of fermentation under
laboratory conditions.
T1 ( °C )
5
20

μ1
0.0333
0.18889

1 / T1
0.2
0.05

ln( μ1 )
-3.4012
-1.6666

25

0.14375

0.04

-1.9397

35

0.18611

0.02857

-1.6814

Table 2. Summary table of the values of y2 and x2 for the process of fermentation under
industrial conditions.
T2 ( °C )
8
12

μ2
0.085
0.10625

1 / T2
0.125
0.08333

ln( μ2 )
-2.4651
-2.242

16

0.14333

0.0625

-1.9486

1)The dependence yi = f (xi) is evaluated and the linear characteristic equation is
shown and the correlation coefficient for each case are determined.

Fig. 3. Dependence of y1 in f (x1) for the fermentation process under laboratory
conditions

Fig. 4. Dependence of y2 in f (x2) for the fermentation process under industrial conditions.

2)From the characteristic line equation, we determine the b i and ai coefficients and
then, based on the respective formulas, we determine the equilibrium constants Eai
and Ai, taking into account the constant value of the gases R = 8.314 J / gmolK .
a) Laboratory conditions, (1):
b1 = − 1,368 and a1 = 10.08 from where: A1 = 0.25462 and Ea1 = 83.8051J/gmolK .
b) Industrial conditions, (2):
b2 = − 1,5 and a 2 = 7.93 from where: A 2 = 0.223130.25462 and Ea2 = 65.9383J/gmolK
Production and removal of heat in ferments at industrial scale:
During the metabolism of the carbohydrate from yeast, a certain amount of energy is
released which is used in the biosynthesis of cellular material or the production of

other products or partly released as heat. This free energy is calculated from the
general equation of glycolysis:
Glukozë + 2Pi + 2ADP → 2Etanol + 2CO2 + 2ATP
Calculation of the free energy for each stage of this reaction will give a final value of
157 KJ mol [7]. However, ATP is not included in the calculation produced by
complementary cell reaction ( 2ATP → 2ADP + 2Pi ) thus producing an amount
of : 2 x 31 = 62 KJ mol.
The total amount of heat can be calculated as 157 + 62 = 219 KJ / Mol
fermented glucose (based on different assumptions we can obtain different values).
Using the values calculated above, we can give the overall heat obtained by a typical
fermentation process. If the liquor to be used for fermentation has an initial extract
120Plato means that the juice contains approximately 12.6 kg of the extract / heel of
which 9.5 kg are fermentable. 219 KJ mol glucose is equivalent to 1217KJ kg of
glucose. So, since fermentation of 1000hl cider can be produced:

1000 x 9.5 x 1217 = 11.5GJ

This amount of heat is not uniformly obtained in fermentation, however, at the
maximum fermentation speed this heat reaches the peak. This peak is about 0.22 kg
extract / hl / hour. Thus, in fermentation of 1000hl the maximum heat of the coolant
quantity is:

1000 x 0.22 x 1217 = 0.26GJ / h

In order to realize the cooling of the beer, we must remove the heat produced which
will depend on the temperature amplitude. Expression of this equation is:
Q = M x Cp x T
Where : Q − is the heat in KJ, M − is the mass of beer in kg,
Cp − is the specific heat at KJ / kg o C, T − is the difference in the beer temperature.
For example: if a fermenter with 1000hl capacity and specific heat of
Cp =4.05KJ / kg  C will cool it from 150C to 50C, the amount of heat to be
removed will be:

1000 x 1000 x (15 – 5) x 4.05 = 4.05 GJ

If the cooling speed reaches 10C / h in the same way as above, we will also give the
cooling speed:

1000 x 1000 x 1 4.05 = 405MJ / h

4 Conclusion
Microbial processes are processes that are highly dependent on temperature. The very
fact that in some cases we use temperature as an inhibitory factor or an activator of
microbial processes means a lot for us. Chemical engineering is of interest to both
sides of the coin and the temperature of microorganism inhibition, which is used in
the case of preservation of products or pasteurization and sterilization to model the
processes and designed equipment to achieve this objective, but very important is the
activation temperature to obtain the optimum speed of the microbial reaction.

In the case of consideration, the temperature influence on the performance of the
fermentation process has been taken into consideration in this subject. The yeast
fermentation process with yeast essence is an exothermic process that releases
considerable amounts of energy. Determination of temperature dependence
coefficients is very important for modeling and designing bioreactors, particularly for
designing the cooling and removal mode of heat released from the fermentation
process. Experiments carried out on an experimental and industrial scale used
approximate kinetic constants and an approximate calculation was made of how much
energy should leave the bioreactor to keep the process at constant temperature.
The values received are:
-Kinetic constants:

A1 = 0.25462 , Ea1 = 83.8051 J gmol; A2 = 0.22313 , Ea2 = 65.9383 J gmol

-The amount of energy needed to be removed from the bioreactor to keep the process
at constant temperature: Q = 4.05 GJ .
In conclusion, this kinetic model with the values calculated for the temperature
function for the important parameters was able to predict with a relatively high
precision the experimental results achieved under non-thermal conditions. On the
other hand, this model can be used to simulate the industrial process of beer
production under different operating conditions and to detect errors during the
development of the process at each step.
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